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Abstract. A study was conducted to determine the characteristics and potential use of surface water and 
groundwater at UTHM campus. Electrical Resistivity Imaging (ERI) was carried out previously in this study to 
interpret the potential shallow groundwater as to identify the depth and variation of aquifer layer. Three 
representative groundwater were collected from three new installation boreholes, while surface water was collected 
from nearest (lakes, swale and retention pond). Nine samples from surface water and groundwater were use and 
degree correspondences of major cation and major anions among them were analyses in determining their 
hydrochemical characteristics and the quality suitability for irrigation supply purposes. In general, trend of 
concentration distribution among cations shows Na+ > Ca2+ > K+ > Mg2+ while anions exhibit similar distributions 
patterns where Cl-  > SO42- > NO3 for both surface water and groundwater samples. Almost all the groundwater 
sample is characterized by types of saline water due to high content of chloride, sodium and high electrical 
conductivity value. The high concentration in groundwater could be due to location of study that situated on marine 
clay layer which have been intrusion with seawater.   
INTRODUCTION 
Since water covers more than 70% of the earth, the water sources have always been a precious commodity for all 
living things for variety of purposes such as domestic, industrial, irrigation and recreation. Both of surface water and 
groundwater are the main sources of water supply and play as a key role in the eco-environmental maintenance and 
socio-economic development in arid and semi-arid region [1]. Continuous availability of water is open to changes, 
beside through natural variation it also could through human impacts on the water cycle. Hence, the way human 
consumes and manage water nowadays could influence the availability and quality of water for all users of the 
resource in the future. 
Recently, the development districts of Batu Pahat has influenced the increasing number of population [2]. The 
growing population even more since the establishment of Universiti Tun Hussein Onn Malaysia (UTHM) in area of 
Parit Raja. In the increasing demand of water for completing uses it is very difficult to fulfil the entire demand from 
single source and it is very complicated to plan and manage the different of water resources. Single source is 
referring to surface water that be used as the only sources to feed the entire demand for water consumption. Thus, 
the descriptions on characteristics of surface water and groundwater are required for enhanced water resource 
management in UTHM campus. 
The chemical of surface and subsurface water is mainly influenced by the geology and contact time that water 
has with the geological materials [3]. Hydrochemistry is the subdivision of hydrology that deals with chemical and 
characteristics of water. In study to define the water quality, the chemical properties of water are determined and use 
as indicators of water quality. The standard method in analysing, reporting and comparing were also established to 
determine water quality. Besides, hydrochemical analysis will determine the shallow aquifer quality regarding its 
potential and suitability for water supply either for drinking water purpose, irrigation and recreational.  
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Due to important of hydrochemical characteristics and influence on water quality, thus this study aim to study 
assessment of the spatial distribution of hydrochemical constituents of surface water and groundwater related to its 
suitability for water supply purposes. 
STUDY AREA 
Universiti Tun Hussein Onn Malaysia (UTHM) area is locate near to coastal area which Pantai Rengit about 20 
km. This area found as a layer of soil sediments and fossils formed due to tidal effects for centuries. Acidity levels 
are also influence by the existence of patches saltwater identified exists and trapped in the clay layer which the 
movement to drain are limited. Indirectly, it had some impact on the presence of undesirable concentrations [4]. In 
consonance with [5] it is predicted that UTHM area and its surrounding previous was a muddy and sandy coastal 
area, and the water containing have a high calcium and chloride due to ancient salt water intrusion at quaternary era 
and effects of karts under the land surface, respectively. Granite rock (red) in Batu Pahat and seal rock (green) in 
Ayer Hitam dominates almost areas of Batu Pahat, Parit Sulong and Yong Peng as well in Parit Raja [5].  
Other than that, based on geological aspect as shows in Fig 1, indicate that UTHM was surrounded by marine 
clay deposit known as Quaternary deposit [6]. This soil formation was characterized as unconsolidated sediments 
and largely covered at area of Western Johor coastline. It lies from Muar to Kukup and covering the area of 15 km to 
25 km wide. Igneous intrusive rock occurs in an area of Batu Pahat in the west, meanwhile over-consolidated 
sedimentary in Triassic-Jurassic aged at Ayer Hitam, eastern part of UTHM campus [5]. In this study, borehole had 
been installed at 3 different points based on data obtained from Electrical Resistivity Imaging (ERI) that shown 
potential shallow groundwater [7]. Fig 2 illustrate the location map of study area and observation point. 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1. Geological map of study area. 
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FIGURE 2. Location map of the study area and observation point. 
 
MATERIALS AND METHODS 
Sample of surface water and groundwater was collected at the proposed area with bi-monthly water sampling 
starting from December 2017 until February 2018. Water were obtained mainly from new installation borehole at a 
various depth of 5 m to 15 m, the borehole was purged three well casing volume to remove stagnant water in the 
borehole so that the water to be sampled will be stabilized and representative groundwater can be obtained prior to 
sampling [8]. Meanwhile, the surface water samples were taken from lakes, swale and retention pond which is near 
to observation point. Sample were filtered through 0.45µm filter paper as preparation before major cation and anion 
analysis was conducted as to remove residue in water samples.  
Water were then stored into two new 1-liter polyethylene bottles which all bottles had been rinsed with distilled 
water before sampling and these bottles were rinsed again 2 to 3 times with sample water in field. The filtered 
sample was acidify using a few drops of concentrated nitric acid, HNO3 until pH is less than 2 to one of these bottles 
for major cation determination. While, for anions, there is non-required to add any chemicals to the filtered sample. 
All the bottle sample was labelled carefully with the relevant information about the sample.  
Chemical properties of major cation Sodium (Na+), Magnesium (Mg2+), Potassium (K+), Calcium (Ca2+) and 
anions Chloride (Cl-), Sulphate (SO42-), Nitrate (NO3-) of groundwater and surface water was analysed by using 
Atomic Absorption Spectrometer (AAS) and Ion Chromatography (IC). Meanwhile, concentrations of unstable 
parameters such as pH and Electric Conductivity (EC) sample was determined on site by using Hanna HI9828 
multiparameter probe as to minimize their contact with air. Sample of water was sealed and immediately brought to 
laboratory in minimum time and analysed based on standard methods. In this study, in-situ and laboratory tests was 
carried out according to APHA 2005 standard.  
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RESULTS AND DISCUSSIONS 
Hydrochemical Analyses 
  
The field parameters and analytical data of water samples are presented in Table 1. The pH content represented 
the levels of acidity and alkalinity of water body. It also helped to determine the water quality characteristics as pH 
value less than 4.0 will bring to sour taste while higher pH more than 8.5 creates alkaline taste. The pH value of 
groundwater samples ranged from 7.12 to 7.56, while that of surface water samples lay dominantly between 4.20 to 
6.71. The average pH value of all lakes, swale, retention pond and groundwater samples were 6.56, which was good 
and acceptance level in comparison with Interim National Water Quality Standards for Malaysia (INQSM) [9] for 
water supply purposes either for drinking, irrigation and recreational.  
As shown in Table 1, the EC and TDS of groundwater values ranged from 490 µs/cm to 8733 µs/cm and 490 
mg/l to 4368 mg/l respectively. Higher EC values of groundwater were generally observed in the point C. In 
contrast, the EC and TDS levels of swale, lakes and retention pond samples were lower compared to groundwater, 
ranging from 111 µs/cm to 225 µs/cm and 56 mg/l to 115 mg/l. The wide variation of EC in groundwater showed 
that this point was influence by high salt content due to layer of soil that dominant with marine clay layer based on 
data in resistivity imaging that had been conducted in the study area [7]. The requirement for irrigation purposes for 
EC according to (INQSM) values are below 6000µs/cm. The range of EC for the entire observation (December 2017 
till February 2018) varies from 111 to 8733 µs/cm. Therefore, for irrigation purpose, all samples for surface water 
and groundwater at station B are accepted to be used except for groundwater at point A and C.  
 
 TABLE 1. Ionic variation in the surface water and groundwater (December 2017 - February 2018). 
Point Sample pH EC TDS K+ Na+ Ca2+ Mg2+ Cl- SO42- NO3- 
A 
LA 6.19 165 104 5.65 14.82 18.98 3.39 23.91 42.34 10.15 
SW 4.20 212 115 5.56 19.47 15.85 4.18 26.25 53.33 18.68 
GW 7.56 8056 4154 155.78 2121.24 153.18 182.70 6606.52 263.60 53.86 
B 
LA 6.87 196 114 6.67 16.71 20.25 3.78 31.72 35.06 3.33 
SW 6.70 225 100 6.33 16.50 20.25 3.27 23.91 32.32 11.98 
GW 7.12 490 490 23.07 161.60 89.10 35.37 273.11 129.21 70.67 
C 
LA 6.48 211 105 3.93 13.33 13.45 3.09 18.46 31.36 13.55 
RP 6.71 111 56 3.41 9.32 13.38 2.08 13.61 24.42 9.54 
GW 7.23 8733 4368 339.63 1877.33 230.53 216.70 6981.10 238.90 81.19 
Note: All values are in mg/l except for pH and EC 
*LA=lakes *SW=swale *RP=retention pond *GW=groundwater 
 
TABLE 2. Major ions distribution in the surface water and groundwater. 
Elements Sample Min (mg/l) Max (mg/l) Mean (mg/l) Standard Deviation 
K+ 
SW 3.41 6.67 5.26 1.32 
GW 23.07 339.63 183.13 158.97 
Na+ 
SW 9.32 19.47 15.03 3.47 
GW 161.60 2121.24 1470.30 1067.97 
Ca2+ SW 13.38 20.25 17.03 3.23 GW 89.10 230.53 388.70 70.82 
Mg2+ SW 2.08 4.18 3.30 0.71 GW 35.37 216.70 146.89 96.39 
Cl- SW 13.61 31.72 22.98 6.28 GW 273.11 6981.10 4662.92 3769.38 
SO42- 
SW 24.42 53.33 36.47 10.09 
GW 129.21 263.60 216.88 71.53 
NO3- 
SW 3.33 18.68 11.21 5.06 
GW 53.86 81.19 157.33 13.79 
*SW=surface water *GW=groundwater 
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Sodium is the most abundant element found in groundwater at the study area with concentration ranges from 
161.60 mg/l to 2121.24 mg/l with a mean of 1470.30 mg/l as stated in Table 2. Difference from surface water with 
low concentration range from 9.32 mg/l to 19.47 mg/l. As for chloride (Cl-), the concentrations are high for 
groundwater with value from 273.11 mg/l to 6981.10 mg/l while surface water with 13.61 mg/l to 31.72 mg/l which 
explained that the surface water in this study area is frequently non-influence by seawater compared to groundwater. 
The observation could be made based on the result indicate that the influence of seawater in this area occurred for 
long period of time in groundwater and due to location of study area that situated on marine clay layer. Besides the 
result was proofed by [10] explained that UTHM and its surrounding area previously was a muddy and coastal area, 
and the water containing high calcium and chloride due to ancient water intrusion at quaternary area and effects of 
karts under the land surface respectively. This fact was also proved by previous study conducted using electrical 
resistivity method, shown that this area was dominant with clay layer that has resistivity value less than 1 ohm [7]. 
This explains why the groundwater sample had high values of Na+ and Cl-. The limitation for Cl- concentration is 
200 mg/l for water supply purposes. All samples fulfilled the requirement except for groundwater at point A and 
groundwater at point C as stated previously in Table 1. High content of chloride in water is non-suitable to be used 
for drinking purposes. Although the sample of water is non-suitable for drinking, but it could be consuming for other 
purposes such as for irrigation and recreation.  
Meanwhile, the two major ions magnesium (Mg2+) and calcium (Ca2+) is among of ions that readily available in 
groundwater. Both of this ion came from rocks such as dolomite and clay. In consonance with [11] high 
concentration of Ca2+ is harmless to human, Ca2+ content is around 100 mg/l while Mg2+ is around 50 mg/l. Based 
on Table 2 above, indicates that concentration for magnesium for surface water and groundwater was ranging from 
2.08 mg/l to 4.18 mg/l and 35.37 mg/l to 216.70 mg/l, shown that all samples was below the limit except for 
groundwater at point A and C with concentration value of 182.70 mg/l and 216.70 mg/l. While, calcium 
concentration varies from 13.38 mg/l to 20.25 mg/l with mean of 17.03 mg/l for surface water and 89.10 mg/l to 
230.53 mg/l with mean of 388.70 mg/l for groundwater. Groundwater samples at Point A and Point C have slightly 
more characteristics of saline water. As mentioned previously, it was due to mixing of seawater with groundwater 
occasionally. 
The Sodium Adsorption Ratio (SAR) is important in determining the suitability of groundwater for irrigation 
purposes. It was an index which quantifies the proportion of Na+ to Ca2+ and Mg2+ ions in water sample. SAR is 
estimated by Equation 1 and the concentration is expressed in meq/l. SAR can indicate the degree to which irrigation 
water tends to enter cation-exchange reaction in soil.  
 
 
 = Na⁺
12 (  + )
 
                                                                                                                                                                                     (1) 
 
The calculated SAR of the samples is between 3.65 meq/l to 27.27 meq/l with mean of 17.38 meq/l as stated in 
Table 3. Point of groundwater B has been classified as there is no danger of sodium concentration in soil as per 
SAR. While groundwater A and C are in medium sodium hazard. Based on result obtained in SAR indicates that the 
groundwater in UTHM campus can be used for irrigation purposes since it is in range of low to medium sodium 
hazard. As low sodium water can be used for irrigation on almost all soils with less danger of developing harmful 
levels of sodium. In line with [12] the higher the SAR values in the water, the greater the risk of sodium. 
Meanwhile, Table 4 shown the water quality classification for SAR.  
 
TABLE 3. Total hardness (TH), SAR and Na% concentration of groundwater. 
Sample TH (mg/l) SAR (meq/l) Na% (meq/l) 
GWA 1134 27.27 78.79 
GWB 368 3.65 50.70 
GWC 1467 21.23 75.33 
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TABLE 4. Water quality classification. 
SAR value Quality of water 
1 – 10 Excellent 
10 – 18 Good 
18 – 26 Fair 
> 26 Poor 
Generally, most of groundwater samples have a hardness due to presence of magnesium and calcium. The 
total hardness can be calculated by using Equation 2.  
                                                                       TH = 2.497 Ca2+ + 4.115 Mg2+                                                                                               (2) 
 This study shown that total hardness of groundwater samples ranges from 368 mg/l till 1467 mg/l (Table 
3). The permissible limit of total hardness for drinking purpose is 100 mg/l based on WHO standard thus, this 
indicate all samples exceed the desirable limit. Which means groundwater in this study area possibility to be used 
for irrigation only as it fulfilled the standard for irrigation purposes based on INQWS. While, sodium percentage 
(Na%) obtained from groundwater samples varies between 50.70% to 78.79%. The purposes of Na% are to verify 
the classification of groundwater for irrigation either in group of excellent or unsuitable to use. Based on the result 
obtained shown that groundwater B was in permissible categories while other groundwater was in doubtful for 
irrigation. Sodium ions tends to absorb clay particles, displacing Ca2+ and Mg2+ if the concentration of sodium is 
high in irrigation water [12]. Table 5 below shown the groundwater quality based on the Na%.  
 
TABLE 5. Groundwater quality based on the Na% 
Quality of water Na% 
Excellent < 20% 
Good 20 – 40% 
Permissible 40 – 60% 
Doubtful 60 – 80% 
Unsuitable > 80% 
In general, trend of concentration distribution among cations shows Na+ > K+ > Ca2+ > Mg2+. Anions 
exhibit similar distributions patterns where Cl-  > SO42- > NO3. The dispersion of ions in groundwater at UTHM 
campus probably indicates similar geochemical environment, climatic conditions and pH.  
CONCLUSION 
 
The hydrochemical investigation was conducted in UTHM campus in understanding the chemical characteristics 
of surface water and groundwater. Groundwater was extracted from three new installation boreholes while surface 
water was collected at nearest locations. Major cation (Na+, Mg2+, K+, Ca2+) and major anions (Cl-, SO42-, NO3-) was 
analyses for both sources of water in determine its characteristics. The result obtained shows that this location had 
high influence of salt water intrusion due to high concentration of sodium, chloride and electrical conductivity that 
until 1000µs/cm which conclude that the groundwater is in type of saline water. Trend of concentration distribution 
among cations shows Na+ > Ca2+ > K+ > Mg2+ while anions exhibit similar distributions patterns where Cl-  > SO42- > 
NO3 in the study area. Based on the information obtained, it was concluded that the sources of groundwater in this 
study area was suitable to supply for irrigation purposes based on the result obtained in SAR and TH.  
 
 
 
 
 
 
 
020280-6
ACKNOWLEDGEMENTS 
  
The authors would like to acknowledge the Universiti Tun Hussein Onn Malaysia (UTHM) and Vot.U527 Short 
Term Grant (STG) Universiti Tun Hussein Onn Malaysia (UTHM) for the opportunity to submit this paper. 
  
   
REFERENCES  
1. G. Zhang, Evolution study of regional groundwater system using hydrochemistry and stable isotopes in 
Songnen Plain, Northeast China., 1065 (September 2006), pp. 1005-1065 (2007). 
2. S. Musa, Drainage System in Flat Area Using Groundwater Recharge Well in Solving Flooding Problem by 
Sabariah Musa Thesis Submitted in Fulfillment of The Requirements for The Degree of Doctor of Philosophy 
January 2015 (2015). 
3. P. Dixon-jain, Groundwater Surface Water Interaction Implications for Nutrient Transport to Tropical Rivers 
Prachi Dixon-Jain (May) (2008). 
4. N. A. A. Musa, Simplified Method for Groundwater Treatment Using Dilution and Ceramic Filter (2016). 
5. Adnan, M.S. et al., Investigation of Groundwater Flow in Clay Aquifer in Parit Raja Catchment 11(16), pp. 
9848-9854 (2016). 
6. Mineral and Geoscience Department Malaysia, Geological Map of Peninsular Malaysia 1985, eighth edn. 
7. A. I. Riwayat, M. A. A. Nazri and M. H. Z. Abidin, Detection of Potential Shallow Aquifer by Using Electrical 
Resistivity Imaging (ERI) at UTHM Campus, Johor Malaysia. Journal of Physics: Series (JPCS) ISSN: 1742-
6588 (Print): ISSN: 1742-6596 (Online), p.8 (2017). 
8. Zhang, C., Fundamentals of Environmental Sampling and Analysis. NEW Jersey: John Wiley & Sons. 
9. Interim National Water Quality Standards for Malaysia (INQWS), (2007). 
10. Maju Teknik Kota Sdn Bhd, Laporan Kerja Pembinaan Telaga Tiub UTHM 1 di Universiti Tun Hussein Onn 
Malaysia (UTHM) Parit Raja, Batu Paahat. Johor (2007). 
11. D. K Todd and L.W. Mays, Groundwater Hydrology, Wiley, Hoboken (2005). 
12. M. A. A Nazri, Geophysical and Hydrochemical Characteristics of Groundwater at Kerian Irrigation Scheme, 
12070 (2015). 
 
020280-7
